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We study the inert triplet models, in which the standard model (SM) is extended to have a new
SU(2)L triplet scalar (Y=0 or 2) with an Z2 symmetry. We show that the neutral component of the
triplet can be a good dark matter candidate. In particular, for the hypercharge Y=0 triplet model,
the WMAP data favors the region where the dark matter mass is around 5.5 TeV, which is also
consistent with the direct detection experiments. In contrast, for the Y=2 model, although dark
matter with its mass around 2.8 TeV is allowed by WMAP, it is excluded by the direct detection
experiments because the spin-independent cross section is enhanced by the Z mediated tree-level
scattering process.
I. INTRODUCTION
From the Wilkinson Microwave Anisotropy Probe
(WMAP) observation, the relic abundance of the cold
dark matter in the universe is determined to be [1]
ΩCDMh
2 = 0.1123± 0.0035, (1)
where h = 0.710± 0.025 is the scaled current Hubble pa-
rameter in units of 100 km sec−1Mpc−1. Since the stan-
dard model (SM) cannot accommodate dark matter, new
physics is expected. In this paper, we study dark matter
in a model containing an SU(2)L triplet scalar with the
hypercharge Y=0 or 2 under U(1)Y , which is clearly one
of the minimal extensions of the SM. In the model, the
triplet is odd under an Z2 symmetry so that it neither
directly couples to the SM fermions nor develops a vac-
uum expectation value (VEV). We will refer to the model
as the inert triplet model (ITM). Since the neutral com-
ponent of the triplet scalar can be the lightest one and
stable in both Y=0 and 2 cases, it is a good dark matter
candidate.
It can be shown that there are three and five new pa-
rameters in the Y=0 and 2 ITMs, which are the same
as those in the inert singlet and doublet models [2–5]1,
respectively. Clearly, the Y=0 ITM is one of the minimal
inert models.
Besides the relic abundance, the direct searches of dark
matter also provide constraints on new physics models.
For the spin-independent (SI) cross section, one has that
σSI . 5× 10−44 − 10−42cm2 (2)
for the range of the Weakly Interacting Massive Particle
(WIMP) mass smaller than 103 GeV [6]. Note that if the
dark matter mass is larger, the constraint in Eq. (2) will
be relaxed.
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1 In [5], the ITM was also mentioned.
The paper is organized as follows. In Sec. II, we in-
troduce the ITM of the Y=0 case and discuss the relic
abundance as well as the direct detection of dark matter.
We extend our study to the Y=2 ITM in Sec. III. We
conclude in Sec. IV.
II. DARK MATTER IN Y=0 ITM
A. Basic framework
In addition to the SM particles, we introduce an
SU(2)L triplet scalar with Y=0 and impose an Z2 sym-
metry in which the triplet is assigned to be odd and the
others even. Furthermore, we assume that the triplet
scalar does not develop the VEV to keep the Z2 symme-
try unbroken. The relevant Lagrangian is given by
L = |DµH |2 + tr|DµT |2 − V (H,T ),
V (H,T ) = m2H†H +M2tr[T 2] + λ1|H†H |2
+λ2
(
tr[T 2]
)2
+ λ3H
†H tr[T 2], (3)
where Dµ is the covariant derivative and the doublet H
and triplet T scalars are defined as
H =
(
φ+
1√
2
(h+ iη)
)
, T =
(
1√
2
T 0 −T+
−T− − 1√
2
T 0
)
, (4)
with 〈h〉 = v = 246 GeV and 〈T 0〉 = 0, respectively. In
order to assure the stability of the potential, we require
the conditions
λ1, λ2 > 0, 2
√
λ1λ2 > |λ3| for negative λ3. (5)
The potential in Eq. (3) becomes a local minimum if and
only if
m2 < 0, 2M2 + λ3v
2 > 0 , (6)
where v2 = −m2/λ1. After h acquires the VEV, the
scalars gain the following masses:
m2h = 2λ1v
2 ,m2T 0 = m
2
T± =M
2 +
1
2
λ3v
2. (7)
2Note that η and φ± are the massless Nambu-Goldstone
bosons eaten by the SM gauge fields. Although the
masses of T 0 and T± are degenerate at the tree level,
a small mass splitting
mT± = mT 0 + (166 MeV) (8)
will appear once the radiative corrections [4] are taken
into account. Hence, T 0 turns out to be the lightest
component of the triplet scalar and moreover, it is stable
due to Z2.
B. Oblique parameters and Higgs boson mass
Since the triplet scalar is added to the SM, one may
think that it affects the so-called oblique (S and T) pa-
rameters. In general, however, an Y=0 triplet has no
contribution to the S parameter, while the contribution
to the T parameter is also vanishing in the limit of
mT 0 = mT± [7]. Even if we consider the mass split-
ting in Eq. (8), its effect is negligibly small. Therefore,
the constraint on the Higgs boson mass (mh) from the
precision electroweak measurements is the same as that
in the SM. In our calculation, we restrictmh to be within
the range of
114 GeV < mh < 185 GeV (9)
as estimated in Ref. [8] with the excluded region of 158 ∼
175 GeV reported by the Tevatron [9].
C. W and Z decay widths and DM mass
Since the decay widths of Z and W precisely mea-
sured by the LEP and Tevatron, agree well with the SM
predictions, the new decay processes W± → T∓T 0 and
Z → T±T∓ must be strongly suppressed. To this end,
we impose the following condition:
mT 0 − (166 MeV) > mZ/2. (10)
D. Relic Abundance
We now examine the thermal relic abundance of T 0.
The evolution of the number density of T 0 is obtained
by solving the Boltzmann equation
dnT 0
dt
+ 3HnT 0 = −〈σvT 0〉(n2T 0 − nT 0, eq), (11)
where H is the Hubble parameter, vT 0 stands for relative
velocity of T 0, 〈· · · 〉 represents the thermal average of a
function in brackets, and nT 0 , nT 0, eq and σ are the num-
ber density, the number density in thermal equilibrium
and the total annihilation cross section of T 0, respec-
tively. In the model, since the mass splitting between
dark matter (T 0) and charged components (T±) is much
FIG. 1. Relic abundance for mh = 120 GeV with the vertical
axis of Log[λ3], where black, gray, and white regions show
the parameter regions larger than, agreed with, and smaller
than the WMAP constraint, respectively, while the straight
line indicates the LEP bound for T 0.
smaller than their masses, the coannihilation effects of
T 0 T± and T± T∓ should be included in σ [10].
In Fig. 1, we show the relic abundance of T 0, where
we have used micrOMEGAS 2.4 [11] to scan the parame-
ter λ3 from 10
−3 to 10. For small couplings, i.e. λ3 . 1,
the dark matter annihilation is governed by the weak
interaction. So the annihilation cross section does not
decrease so much. In this case, the main (co)annihilation
modes are T 0 T± → γW±, T 0 T 0 → W+W− and
T+ T− →W+W−. On the other hand, in the large cou-
pling region (i.e. λ3 & 1), the main annihilation modes
are T 0 T 0 → tt¯ and T 0 T 0 → hh. Although some of
those annihilation are mediated by the Higgs h, the relic
abundance is not subject to mh so much as long as we
take mh = 114 ∼ 185 GeV. Since the trilinear coupling
of h involves only λ3 (see Eq. (3)), the cross sections
are enhanced. Note that the relic abundance depends
on only λ3, whereas both λ1 and λ2 are irrelevant to
the annihilation interactions. From the figure, we find
that for 5.4 TeV . mT 0 . 6 TeV, the relic abundance
agrees with the WMAP data in Eq. (1). We remark that
mT 0 . 5000 GeV is allowed if there are some other dark
matter sources.
E. Direct Detection
The SI cross section of the Y=0 ITM is shown in Fig.
2. ¿From the figure, we can see that in most of the region,
the model escapes the constraint from the direct search.
We note that the contribution of the SI cross section is
insensitive to mh as long as 114 GeV ≤ mh ≤ 185 GeV
even though it comes from the T 0-quark and T 0-gluon
collisions through the T 0 − T 0 − h coupling. Since the
T 0-quark (u,d) scattering has a small cross section due
to the small Yukawa couplings, while T 0-gluon scattering
occurs only in loop level, the SI cross section is clearly
suppressed.
3FIG. 2. Spin-independent scattering cross section between
the dark matter T 0 and nucleus particles, where numbers on
lines represent the cross sections in cm2 unit, while light gray
and dark gray regions are allowed by direct searches of dark
matter.
III. DARK MATTER IN Y=2 ITM
A. Basic framework
In the model with the inert triplet scalar of Y=2, the
Z2 invariant scalar potential is given by
V (H,T ) = m2H†H +M2tr[T †T ] + λ1|H†H |2
+λ2tr[T
†TT †T ] + λ3
(
tr[T †T ]
)2
+λ4H
†H tr[T †T ] + λ5H†TT †H , (12)
where
T =
(
1√
2
T+ T++
T 0r + iT
0
i − 1√2T+
)
. (13)
The masses of the scalars are calculated as
m2h = 2λ1v
2 ,
m2T 0
r
= m2T 0
i
=M2 +
1
2
(λ4 + λ5)v
2 ,
m2T± =M
2 +
1
2
(
λ4 +
λ5
2
)
v2 = m2T 0
r
(T 0
i
) −
λ5
4
v2 ,
m2T±± =M
2 +
1
2
λ4v
2 = m2T 0
r
(T 0
i
) −
λ5
2
v2 . (14)
We note that, in order to make T 0r and T
0
i to be the
lightest Z2-odd particles, we take λ5 < 0 afterward.
B. Relic abundance
The total relic abundance of T 0r and T
0
i is shown
2 in
Fig. 3. Note that the masses of T± and T±± are auto-
2 Here, we again use micrOMEGAS and assume that the interac-
tions of T 0r and T
0
i
are the same, which simplifies our calculation
to the relic abundance of T 0r only. It is justified since the inter-
actions of T 0r and T
0
i
are almost the same.
FIG. 3. Relic abundance of Y=2 ITM for mh = 120 GeV,
where gray regions are the parameter regions agreed with
WMAP and the right (left) handed sides of the gray regions
correspond to the regions larger (smaller) than the observa-
tion.
FIG. 4. Relic abundance in the Y=2 ITM for the small mT0
r
region with mh = 120 GeV, where the light gray region is
allowed by WMAP.
matically fixed if mT 0
r
and λ5 are known. It is easy to
see that the relic abundance tends to be large compared
to that in the Y=0 case. Moreover, the mass splitting
among the triplet scalars is not so small unless the ab-
solute value of |λ5| is enormously small. Since coanni-
hilations of the triplet scalars are not so effective, the
relic abundance gets enhanced. However, in the small
λ5 region (i.e., |λ5| . 1), the masses of T 0r , T+ and
T++ are still degenerate. As the result, the coannihi-
lation involving T+ and T++ (e.g., T+ T−− → γW−
and T+T− → W+W−) is active. In the large |λ5| re-
gion, as the mass degeneracy of the triplet components
is lifted, the coannihilation effect becomes weaker, which
enhances the relic abundance. However, the annihilation
cross section becomes large due to the large couplings of
λ4 and |λ5|, which suppresses the relic abundance more
effective than the coannihilation effect.
In the region withmT 0
r
. 100 GeV, the relic abundance
drastically changes due to the resonance effect as well as
the opening of new annihilation final states. We show the
relic abundance in the small mass region in Fig. 4. In the
4figure, we have fixed λ4 = |λ5|/8. For |λ5| = 10, the relic
abundance tends to be small due to the large coupling.
The main annihilation mode is T 0r T
0
r (T
0
i T
0
i )→ bb¯, while
T 0r T
0
r (T
0
i T
0
i ) → Zh is also effective if mT 0r is large. For|λ5| = 1, we find that the relic abundance suddenly de-
creases at mT 0
r
∼ 60 GeV and mT 0
r
∼ 100 GeV due to
T 0r T
0
r (T
0
i T
0
i ) → h → bb¯ and T 0r T 0r (T 0i T 0i ) → hh, respec-
tively. In contrast, for |λ5| = 0.1, the main interaction
mode at the large mT 0
r
region is T 0r T
0
r (T
0
i T
0
i )→W+W−
since the gauge interaction is more effective than the
Higgs interaction. In this case, the relic abundance be-
comes much smaller. For a smaller |λ5| (i.e. |λ5| = 0.01),
the figure is similar to that for the case of |λ5| = 10 as the
relic abundance is small due to the large coannihilation
cross section of T−T++ → γW+, T 0r (T 0i )T+ → γW+
and T 0r (T
0
i )T
+ → ZW+. We note that for λ4 = |λ5|, the
figures are similar to those with |λ5| = λ4/8 = 0.1 and
0.01 since the main interactions enhanced by the large
Higgs coupling are proportional to (λ4 + λ5).
In the region with |λ4|/|λ5| 6= 1, where T 0r T 0r (T 0i T 0i )→
hh is most effective, the relic abundance is reduced. In
the case of |λ4|/|λ5| = 1, the tri-Higgs couplings pro-
portional to (λ4 + λ5) are canceled to be 0. Since the
effective couplings of the Higgs bosons are very weak,
the relic abundance is determined by gauge interactions.
We comment on the direct detection of the Y=2 case.
Unlike Y=0, there are three scattering processes in the
Y=2 model. Two of them are the same as those in the
Y=0 case, while the other one is the T 0-quark scattering
through the gauge coupling of T 0 to Z as shown explicitly
in Appendix. The latter has a larger cross section due to
the gauge coupling. Because of this large cross section,
almost all region is excluded by the direct detection con-
straint in Eq. (2)3. In particular, we have checked that
in all of the regions allowed by LEP experiments, the
SI cross section is larger than about 10−37cm2. There-
fore, even if the ratio of λ4 and λ5 (i.e., the coupling of
DM-gluon scattering) is changed, the cross section is still
larger than the constraint from the direct detection.
IV. CONCLUSION
We have studied dark matter in the two inert triplet
models. In the Y=0 model, we have shown that
the favored region by the WMAP result is around
mT 0 ∼ 5.5 TeV based on the relic abundance. On the
other hand, since T 0 scatters quarks only for the small
Yukawa couplings as it does not couple to Z at the
Lagrangian level, while the T 0-gluon scattering occurs
at loop level, dark matter (T 0) in most of the regions,
including that favored by WMAP, is allowed from the
3 The DM-DM-Z coupling tends to make the SI cross section be-
yond the constraint of the direct search, which is consistent with
the result in Ref. [12]
direct detection. For the Y=2 case, mT 0 ∼ 2.8TeV
is preferred in terms of the relic abundance of T 0.
However, since the T 0-quark scattering is allowed at tree
level due to the T 0 − Z coupling, which enhances the
scattering cross section, most of the regions is excluded
by the direct detection.
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V. APPENDIX: INTERACTIONS
We expand Eqs. (3) and (12) in terms of the compo-
nent fields to show specific scalar and gauge interactions
of the triplet. In the followings, we will use the following
definitions of the gauge fields:
Dµ = ∂µ − ig
[
W aµ
σa
2
,
]
− ig′Y
2
Bµ (15)
W±µ =
1√
2
(W 1µ ∓ iW 2µ), (16)
Zµ = cwW
3
µ − swBµ, Aµ = swW 3µ + cwBµ, (17)
where σa=1···3 are the Pauli matrices, sw(cw) =
sin θw(cos θw), and θw is the weak mixing angle.
A. Interactions in Y=0 ITM
The scalar interactions:
• m2H†H = m2 [|φ+|2 + 12 (h2 + η2)] ,
• M2tr[T 2] =M2 [2|T+|2 + (T 0)2] ,
• λ1|H†H |2 = λ1
[|φ+|2 + 12 (h2 + η2)]2 ,
• λ2
(
tr[T 2]
)2
= λ2
[
2|T+|2 + (T 0)2]2 ,
• λ3H†H tr[T 2]
=
[|φ+|2 + 12 (h2 + η2)] [2|T+|2 + (T 0)2] .
The three-point gauge interactions:
• 2ig [(∂µT+)W−µ T 0 + (∂µT 0)W+µ T−]+ h.c. ,
• 2ig(∂µT+)(cwZµ + swAµ)T− + h.c. ,
and four-point gauge interactions:
• g2 [|W−µ T+ −W+µ T−|2 + 2|W+µ T 0|2] ,
5• 2g2(cwZµ + swAµ)2|T+|2,
• 2g2(W+µ T 0)(cwZµ + swAµ)T− + h.c. .
Notice T 0 does not couple to Z boson in this model.
B. Interactions in Y=2 ITM
The scalar interactions:
• M2tr[T †T ] =M2
[
|T++|2 + |T+|2 + T 0r 2 + T 0i 2
]
,
• λ2tr[T †TT †T ]
= λ2
[
1
2 |T+|4 + |T++|4 + (T 0r
2
+ T 0i
2
)2
+ 2|T+|2(T 0r 2 + T 0i 2) + 2|T+|2|T++|2
− {T−T++T−(T 0r + iT 0i ) + h.c.}] ,
• λ3
(
tr[T †T ]
)2
= λ3
[
|T++|2 + |T+|2 + T 0r 2 + T 0i 2
]2
,
• λ4H†H tr[T †T ]
= λ4
[|φ+|2 + 12 (h2 + η2)]
×
[
|T++|2 + |T+|2 + T 0r 2 + T 0i 2
]
,
• λ5H†TT †H
= λ5
[
1
2 |φ+|2|T+|2 + 12 (h2 + η2)(T 0r
2
+ T 0i
2
)
+ |φ+|2|T++|2 + 14 (h2 + η2)|T+|2
+ 12
{
φ−T+(T 0r − iT 0i )(h+ iη)
−φ−T++T−(h+ iη) + h.c.}] .
The three point gauge interactions:
• ig [(∂µT+) (W−µ (T 0r − iT 0i )−W+µ T−−)
− (∂µT++)W−µ T−
+
(
∂µT 0r + i∂
µT 0i
)
W+µ T
−]+ h.c. ,
• i [(gcw − g′sw)Zµ + 2gswAµ] (∂µT++)T−− + h.c. ,
• 4mZ
v
[−(∂µT 0r )T 0i + (∂µT 0i )T 0r ]Zµ ,
• ig′ (−swZµ + cwAµ) (∂µT+)T− + h.c. ,
and four-point gauge interactions:
• g2
[
|W+µ |2(T 0r 2 + T 0i 2)
+|W+µ |2|T++|2 + 2|W+µ |2|T+|2
]
,
• 4m2Z
v2
ZµZµ(T
0
r
2
+ T 0i
2
) ,
• [(g2 − g′2)(c2w − s2w)ZµZµ + 4g2s2wAµAµ
+4gg′(c2w − s2w)ZµAµ
] |T++|2,
• [(−g2cw + 2gg′sw)Zµ − 3g2swAµ]
× T++W−µ T− + h.c. ,
• [(−g2cw − 2gg′sw)Zµ + g2swAµ ]
× (T 0r + iT 0i )W+µ T− + h.c. ,
• g′2(s2wZµZµ + c2wAµAµ − 2swcwZµAµ)|T+|2.
Unlike Y=0 case, both T 0r and T
0
i couple to Z boson.
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